Abstract
For every patch, we recorded a first reflectance spectrum at the position of the fibres which maximised total reflectance.
140
To measure hue angle dependency (iridescence), we then moved both fibres 10
• away from the previous position and 141 recorded a second spectrum, as in Meadows et al. [51] . More recent measurement methods revealed that it would be more 142 accurate to keep the angular span between the illumination and collection fibres constant [52] . We however confirmed 143 that this did not impact our results by running our analyses once with all data and once with only data at a given angular 144 span (which represented 94 % of the total data). All measurements were performed in a dark room with temperature 145 control. Recorded spectra were normalised by an Avantes WS-1 white standard and a measurement with the lamp shut 146 down (dark reference) and integration times were determined for each sample as to maximise the intensity of the signal 147 without saturating the spectrometer.
148
Final values were averaged over 5 consecutive measurements and spectra were smoothed using a loess algorithm and 149 interpolated every 1 nm and negative values were set to zero using the R package pavo [53] .
150
We analysed spectra using Endler and Mielke [54] model with relative quantum catches Q i (without Fechner's law).
151
All birds are tetrachromats and can see light with wavelengths from 300 to 700 nm, which includes ultra-violet light (UV) found to have little influence in previous studies [7, 28] , we ran our analyses as if all species were VS, using the spectral repeatable (table S1) by measuring twice the same individual and patch on 20 patches and computing the intra-class definition for hue shift which is not correlated to hue but they were not available at the time of this study [52] .
172
We analysed the colour volume for each species by measuring the convex hull volume of all colour patches on the 173 bird, as suggested in Stoddard and Prum [62] . We compared the relationship between the colour volume of a community 174 and the number of species within this community relative to a null model (prediction 5) obtained by creating random
175
assemblages from a species pool containing all species from all communities. In other words, actual assemblages are 176 compared to fictional assemblages with exactly the same number of species but no abiotic or biotic constraints on the 177 species composition.
178
However, the colour volume does not take into account the patch location on the bird body, raising several concerns.
179
First, two species could use the same colour but at different places on their body. They would then look different to 180 an observer but not identified as such in this analysis. Additionally, we expect different evolutionary signals on different 181 patches, that could even each other out, and blur the outcome at the bird level. For these reasons, we also performed 182 our analyses separately for each one of the following eight patches: crown, back, rump, tail, throat, breast, belly, wing
183
(locations shown in fig. S1 ).
184
Trochilidae phylogeny and comparative analyses
185
A distribution of 100 phylogenetic trees of the Trochilidae family was downloaded from birdtree.org [40] to take into 186 account phylogenetic uncertainty in the comparative analyses [63] . The 112 species included in this study constitute a 187 fairly even sampling of the hummingbird phylogeny ( fig. S2 ).
188
We used the method developed by Hardy and Senterre [64] and Baraloto et al. [65] to analyse respectively the phyloge- overdispersion (dcτ ST < 0) once the effect of the phylogenetic structure of the communities has been decoupled.
No community structure
Character displacement (divergence): co-occurring species are more dissimilar than expected given their phylogenetic relationships, which means they evolved towards dissimilarity in their colours.
Co-occurring species are less similar than expected by chance because of character displacement.
Co-occurring species are nor more neither less similar than expected by chance despite character displacement because closely related species co-occur more often than expected at random (phylogenetic clustering;
Co-occurring species are more similar than expected by chance despite character displacement because closely related species co-occur more often than expected at random (phylogenetic clustering; Π ST > 0).
Competitive exclusion:
cooccurring species are more dissimilar than expected by chance because distantly-related (and therefore dissimilar) species co-occur more often than expected at random (phylogenetic overdispersion; Π ST < 0). Co-occurring species are not more similar nor more different than expected by change or than predicted given their phylogenetic relationships.
Environmental filtering:
cooccurring species are more similar than expected by chance because closely-related (and therefore similar) species co-occur more often than expected at random (phylogenetic clustering:P i ST > 0).
Evolutionary convergence : cooccurring species are more similar than expected given their phylogenetic relationships, which means they evolved towards similarity in their colours.
Co-occurring species are less similar than expected by chance despite evolutionary convergence because distantly-related species cooccur more often than expected at random (phylogenetic overdispersion; Π ST < 0).
Co-occurring species are neither more nor less similar than expected by chance despite evolutionary because distantly-related species cooccur more often than expected at random (phylogenetic overdispersion; Π ST < 0).
Co-occurring species are more similar than expected by chance because of evolutionary convergence. 
Results

209
We find a strong phylogenetic clustering within communities (Π ST = 0.062 > 0, p < 0.0001), indicating that co-occurring 210 species are more closely related than expected by chance.
211
Phenotypic structure of the communities (predictions 1 -4)
212
When looking at the bird entire body (when all patches are included simultaneously) by computing the overlap of the 213 colour volumes, we did not find any phenotypic structure.
214
When the different major patches (crown, back, rump, tail, throat, breast, belly and wing) are examined separately 215 (table 2 and table S2) , we find clustering (τ ST > 0) in hue and hue shift on the back, rump, tail, belly and wing. Once
216
we decouple the effect of the shared evolutionary history, we find clustering on the crown and the back (dcτ ST > 0) but 217 overdispersion on the belly for both hue and hue shift (dcτ ST < 0). Hue shift is also overdispersed on the rump and the 218 tail (dcτ ST < 0). There is no phenotypic structure on the throat, breast or wing for hue and hue shift nor on the rump or 219 the tail for hue.
220
We find no phenotypic structure (neither clustering nor overdispersion) for brightness on any patches before phylo-221 genetic correction. After phylogenetic correction, brightness values for the throat, breast and belly are clustered among 222 co-occurring species (dcτ ST > 0) but show no phenotypic structure for the crown, the back, the wing and the tail.
223
Effect of community species richness on colour characteristics (prediction 5)
224
We found that the brightness range within a community increased in the same way as a null model built from random 225 species assemblages ( fig. 1b) . For colour volume, we find some outliers with a higher colour volume than expected for 226 community with the same number of species ( fig. 1a ).
227
Discussion
228
Our findings suggest that colour structure within hummingbird communities likely results from the interplay between two 229 selective pressures, acting in opposite directions: selection by the local environment (e.g. camouflage from predators, lead-
230
ing to phenotypic clustering on dorsal patches, and selection for species recognition, leading to phenotypic overdispersion 231 on ventral and facial patches. fig. S1 ). Hue is a tridimensional variable defined by the reflectance spectrum position x, y and z in the tetrahedron representing avian colour space. Blue plus signs + indicate significant phenotypic clustering (τ ST or dcτ ST > 0), orange minus signs − indicate significant phenotypic overdispersion (τ ST or dcτ ST < 0), and green zeros 0 represent the absence of phenotypic structure. The left column shows the raw phenotypic structure of the community (columns in table 1), which may be influenced by the phylogenetic structure while the right column shows the phenotypic structure of the community, decoupled from all effects caused by the phylogeny (rows in Contrary to our prediction 2, we also find clustering of hue on the belly before the use of the decouple function.
268
However, the fact that it turns into overdispersion after the use of the decouple function, and not simply into a random 269 phenotypic structure (as opposed to the rump, the tail and the wing mentioned just before), suggests this initial clustering
270
(right column in traits, as we explained previously.
273
We found a significant clustering of brightness on the throat, breast and belly after controlling for the phylogeny,
274
indicating that brightness on those patches is more similar than expected given the phylogeny among co-occurring species
275
(prediction 3bis). This suggests that the same patches have been selected to be involved either in communication or
276
in camouflage among species living in the same environment. This is seen after controlling for the phylogeny and it 277 is therefore not caused by the phylogenetic relatedness of co-occurring species. This is not surprising as many studies Coeligena torquata fulgidigula and Coeligena torquata torquata. This suggests that the interspecific divergence we found 295 on the belly at the community level on the whole Trochilidae family can be observed at different geographic and taxonomic 296 scales, and even between subspecies of the same species.
297
As predicted, we also find more phenotypic overdispersion for hue shift than hue after decoupling the effect of the 298 phylogeny, for example, on the rump and on the tail (prediction 4). It is possible that hue shift is less sensitive to selection 299 for convergence because it may vary without disturbing camouflage efficacy. However, we did not find the expected 300 relaxing of clustering on hue shift on patches such as the back. This is likely caused by the fact that hue shift is highly Ph ae th or ni s_ st ua rti P ha et ho rn is _s qu al id us P ha et ho rn is _s tr iig ul ar is P h a e th o rn is _ n a tt e re ri P h a e th o rn is _ e u ry n o m e P h a e th o rn is _ p re tr e i P h a e th o rn is _ a u g u s ti P h a e th o rn is _ s u b o c h ra c e u s P h a e th o rn is _ ru p u ru m ii P h a e th o rn is _ id a lia e P h a e th o rn is _ ko e p ck e a e P h a e th o rn is _ p h ili p p ii 
